Severe uteroplacental insufficiency causes cerebral apoptosis in the fetus. Moderate uteroplacental insufficiency causes intrauterine growth retardation (IUGR) and increases the risk of postnatal neurological morbidity. In the rat, uteroplacental insufficiency and IUGR affects cerebral gene expression of Bcl-2 and predisposes the IUGR newborn rat towards cerebral apoptosis when challenged with perinatal hypoxia. Expression of Bcl-2, as well as the pro-apoptotic protein Bax, is regulated by p53. p53 also induces MDM2 transcription, which functions to limit further p53-induced apoptosis. The predisposition of the IUGR fetus towards cerebral apoptosis suggests that the p53-MDM2 "functional" circuit may be perturbed in the IUGR newborn rat brain. We hypothesized that MDM2 cerebral expression does not increase in response to increased p53 expression or increased levels of phospho-p53 (Ser15), an activated form of p53. To prove this hypothesis, we induced IUGR through bilateral uterine ligation of the pregnant rat.
Final Accepted Version R-00701-2004 R1. 4 transcription (7, 40). This negative-feedback loop, termed the "p53 functional circuit", serves to tightly control p53 activity (39). Because of the predisposition towards apoptosis in both IUGR humans and rats, we hypothesized that uteroplacental insufficiency disrupts this circuit in the IUGR fetal rat brain.
To test this hypothesis, we induced IUGR using a rat model of uteroplacental insufficiency. Uteroplacental insufficiency is associated with the hypertensive disorders of pregnancy, which are the most common medical complications of pregnancy and lead to serious perinatal mortality and morbidity (95). The IUGR human fetus endures in utero hypoxia, acidosis, hypoglycemia, altered levels of growth factors, and hypoinsulinemia (20) (21) (22) . Similarly in the rat, when induced via bilateral uterine artery ligation of the pregnant dam, IUGR induces an identical response in the late gestation rat fetus (68, 70, 85) . In this well characterized and widely published rat model of asymmetrical growth retardation, IUGR pups are 20-25 % lighter than the sham operated control animals, and birth weights are normally distributed within and among litters (9, 45, 46, 48-50, 52, 69, 70, 78) . Using this IUGR model, we quantified the effects of uteroplacental insufficiency upon fetal cerebral p53 mRNA and protein levels, as well as phospho-p53 (Ser15) and phospho-p53 Ser (390) protein levels. MDM2 mRNA and protein levels were measured to determine the IUGR response to p53 gene expression and post translational modifications. Immunohistochemistry was then used to localize p53 expression. guiding principles (1). These surgical methods have been described previously (43, 46-55, 72, 78, 82) On day 19 of gestation, the pregnant rats were anesthetized with intraperitoneal xylazine (8 mg/kg) and ketamine (40 mg/kg), and both uterine arteries were ligated (IUGR) (n= 6 litters). Term gestation in the rat is 21.5 days. Sham surgery was performed on control animals that underwent identical anesthetic and surgical procedures except for the uterine artery ligation (Con) (n=6 litters). D0 pups were delivered by caesarian section (n= 6 litters Con and IUGR, respectively) at term, 2.5 days after the bilateral uterine artery ligation. Brains were quickly removed and processed for either histological preparation or frozen.
METHODS

Animals
Cloning of rat MDM2 cDNA: Total RNA was isolated from Sprague-Dawley brain.
cDNA was synthesized using random primers and Superscript III First-strand Synthesis System for RT-PCR (Invitrogen, Carlsbad, CA). The cDNA was then amplified using mouse MDM2 specific primers, forward -5'atgtgcaataccaacatg and reverse -5'actaaatttctgtagatcat. A 323 bp PCR product was cloned into pCR2.1, sequenced and found to be 96% homologous to the mouse sequence.
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caggcacctcacagattccagcgtc. The primers and probe for p53 were forward: 5' cccaccatgagcgttgct; reverse: 5' ccacccggataagatgttgg; probe 5' aggagcgacgaccaggccgtcaccatca. cDNA was synthesized from 2 µg of DNase treated total RNA as described above. Reporter dye emission was detected by an automated sequence detector combined with ABI Prism 7700 Sequence Detection System software (Applied Biosystem). An algorithm normalizes the reporter signal (Rn) to a passive reference and multiplies the standard deviation of the background Rn in the first cycles by a default factor of 10 to determine threshold C T . C T has a linear relation with the logarithm of the initial template copy number (34). Rat GAPDH was used as an internal control to correct for differences in cDNA loading. Relative quantification of PCR products are then based on value differences between the target and GAPDH control using the comparative C T method (64 Statistics. All data presented are expressed as mean percent of control ± SEM. ANOVA (Fisher's protected least significant difference) and the Student's unpaired t-test determined statistical significance. We accepted p < 0.05 for statistical significance. Hypoxia is a common characteristic of other animal models of early brain injury.
RESULTS
Cerebral p53 Gene
An important model that has provided a great deal of insight into the pathogenesis of hypoxic ischemic injury involves ligation of one common carotid artery followed by systemic hypoxia (87). Similar to the present study, the "Vanucci" model localizes injury to the hippocampus and white matter, as well as the cerebral cortex, when performed in either the rat or the rabbit (16, 87). Furthermore, simply exposing newborn rats to 20 minutes of 100% nitrogen induces neuronal loss in the CA1 region of the hippocampus in association with increased expression of p53 and TUNEL-positive staining (29). It is interesting that adult rats from this latter study were repeatedly slower than controls in various behavioral tests, demonstrating a loss of functional skills in correlation with increased CNS apoptosis.
Because of the practical difficulties associated with studies involving prenatal insults, few studies exist that focus upon the specific cerebral molecular responses during this time period. Fetal developmental biology is unique because of the interactive physiology and biochemistry between mother, placenta, and fetus; furthermore, the fetal brain is phenotypically different than the postnatal brain, which has been exposed to the hormones and environmental stresses associated with parturition and ex utero life. In the guinea pig, reduction of placental blood flow in the second half of gestation decreases 
